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ABSTRACT:  Three yeurs of TOPEX altimeter duta and
siobal seateve) pressure data fron the ECMWE sopheric
o s th sl ucr

Faz cach method 1wo approaches are examined: the press
uses the TOPEX measured sea-level anoinlics
g the pressure. uind, and weric signis: the
indineric-sgnal-remaved 3l uses Seminer's
POC] cetan o) Aatn n 1 effom to remove e wind-
P ceun signrk

The anomaly ard the sollincsr dilfezonces ineihods show
idoneal raile cutuide 20°5 to 55N Lt band,bur show
eonsiderable s inside this region. The callinear
ifferences metho more accurate tesulis than the
snomaly’ methou n the opiss, wih stz of le than §
percent. Althcacgh using POCM dat;

B ot source moset etomy he venets of | .mx.n-.,, he
oo rmponse o presme signdl o eighs
the negative elfea of the added srror source

A5 & ol the winditeri ety sollear fillersnces

03 yletd the nost reatistic vadues for 4 € actor,
Zonets this best cote ieits am cstmied ot s ¥ad
AP a1 the equator. is Mlat across the £10° latinade band. has
 mean value of 8.8 48 wunsub i the £25° band, und 2 mean
vaius of -0.4¢0.5 muptond vutside 2257 (within 2667). The
abtained for the tropics i« 20 to 30 percent closer 1o the
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acean inter
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component in the gravi
Fonce, 1995 Brog of S0 1996)
sesponsc fo atmrspheric pressure fuchzations is important to
poodesints as Wl
Amosphriz prese o
First discuseed by R. Spi iy of rotation of lh:
carth in 1897, However, mm,.‘mﬁ) ove the subjes
Toor thorough ana e ettt sore
Eor the st par, sea level response (0 premure Joading
has been approxismated as an iverted harometer (B}, that is.
sea fevel wiil rise (fsll) approximately 1 cm for ey 1
miliba desteue (incree) o atrospheric Wue:
& Niiler, 1972}, Akhough the. Bapvaxmulmn
duces 3

asponse,
as well. However, the magnirude of
eloeiy yeneted 5y grosre aing eneglighle

Moreover, e diarnic response a5 the pre
{oreng Gegucncy desremcs (T, 93] Hence regardless of
e ot b

T th
st nnphcru. Wadiag tscly

. Yy audies e beon caed ou 10 s e vl
appeoximition,  Seme have used purcly theoretical
merhods” [ickmn 1985, Tab 19931 others have
sppled smosgheric el et pressice an wind 1ds 1o
e odels [Pante o f.. 1991: Ponte, 1992, 1993,

isch. 1972; Bell and Gor
sitietry dats (vanDam snd Waks, 1953,

1954, P ant Pihos, 1994, Gaspar and Ponts, 19961, o &
Gombinutin of e gauge aad shimeny dala [Wonsch, 1991]

ol e, st saice

ccsns. e sy uses TOPEX alietcrdais o imscetizate
the valicity of the scale factar (cc} of the TB approximation in
the

E tlmatlng the Inverted Barometer Scale Factor for Altimetric Measurement Corrections
“§ { Y

DATA: Junuary 1992 - December 1995

TOPEX Altimeter Data (Repeat Cycles 10-119:
* A modified version of the GDR edit critetia
[Cullah-n, 1993] plus additional CSR edit criterix
3981 s appi

. m original GDR orbit is replaced wi
JGM-3 orhit solution cumpuved Py (m.s o
Tapley. 1999]

» GDR ocean tide solutions are replaced with the CSR
3.0 ocean tide model {Eanes and Bettaipar, 1990]

Atmosphere Pressure flelds

* Burapean Center for Medium-Range Weather
Forccasts (ECMWF) uninitislized, mean sea-level

ids (17 by 1 by 6 hours) are used

Ssininer's Paralicl Occas Circulation Mogel
M_4B model is used. foroed by monthly
averaged heat flux and ECMWF daily averaged wind
felds bt separae wind and thecmlly driven
ocean signals from the total TOPEX-measured ocean
i

‘THE INVERTED BAROMETER MODEL:

The static ocean response (or sea-level adjustment)
atmospheric pressure vaciations is spproximaled as an
inverte e ic.
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Where T is the B adjustmens in cn p ks the density of scx
e g s the secelentiogf grasiy in s P is
the instantancous pressurc, and mean presiure.
Assuming p is never more than 1% mmmn from the mean
scen waer density (Caspar an Ponte, 19961, Upy is
ely 1 cinfirb, Therefore, Equation 1 says that a |
5 onan ge in barometri ill displace sealevel by
one centimeter, hence leaving the combined watcr-air
columnar weight unchanged. In other words, in regard to
barometric pressure (uctuations, sea-leve
{hat the ocesn nteior i shided (rom surtuce pressre
fuctuaions. Thix tement genrally bolds or st (0
medium bt Buceiat
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recent studies agree
ions need to be considered in the B

Figure
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modet should

sure s be adjusted for (cimporal Varistions
in the global mean sea-surface pressure.
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Figure 1: Zonally averaged ECMWE
mean sea-strface pressure.

MEAN PRESSURE CONTINUED:
The P model meoﬁ[lmlmwmm

n@AD =P [P+ (Pug) - < Bgooli )
Where the subscript “fult® implics that vy gridpoint of every
presure field has been used (s opposed ta crroneously using.
only thase pressure fields sampled by 'm; and the backets < >
denote the iime-averaged et globai press

{ ditferent methods, tie anomaly method xnd (he coffinesr
7 differences met
" mun/mb scale fxctor

and are compared 10 the theoretical - 1€

EsTiMATION:

* A least squarcs cstitration method is used to regress the
TOPEX SLA record versus ECMWF atmospheric model
pressure reconds ta ctitrske the 1B scale o

To reduce measurcment noise, normal point averages
ropresenting 500 km groundirack arc lengths arc used in

placc of individual SLA measurements

« At any given location ¢4 ). all SLA

Behzad Raofi, Timothy J. Urban
Center for Space Research (CSR)
University of Texas at Austin, Austin, Texas, 78712
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* Ocean tide signals are removed using the CSR 3.6
ocean tide tmodel (steric. Wind. and pressure signals

» The AM regression resuits, particularly in the ropics. are
cormupted by the sirong wind-driven si

oRemoving the low-frequency signals (CDM) eliminates

Eeas than 10 percent of total presure signal {in & root-sum:

quare (RSS) sense), CDM temoves consideably moreof
signal comparcd with the pressure signal

Hence, the CDM regressian results arc at most 10 percent
in ermor due {0 lack of complte pressurc signal spectum

#The large disagreement between the twe. methods in the
tropics is pricarily due to large errors in the AM

t

cansed by large wind-driven to pressure.
driven sigral ratin
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Figuee 2 Eximated IB cocificizn: o top s s | o

) o the 4 Mttt (AM) and Cotlingar
hod (CM3

+ Anoinaly Mcthod (AM). Both the SLA record and the
it ignal spectrum

from
ll TOPEX eyeles are used to simultaneously solve for o

*ECMWF presture data ure interpoiated to SLA
Tocations to compute presswre narmal paints
ool 1 SEA ol o
METHODOLOGY:
1
Regression model:
SLA=a®-p)+g

2.
Regression model:
SLASLA = ot B P+ 5;

- Where P is the iutaptanious precere. © s the meat
pressure model described in Equation 2, i is the
TOPEX repeat cycle number. and & is the cstimation
ereor.

OCEANSIGNALSINSLA ©
SLA® =Hon - iy &

» Where SLA® contains ul oceun signals, Hg i the orbit
height, nd iy is the altimeter measurement corrected
for all instrument and media cilects (including he sox
state bias)

SLA” = Mgy + T+ Mg + Wy ¢ €
© Where 1y,,, is the tide Signal, N is the steric signal,

n““ul.h:vnndxmul e i8 the Pressure signal, and
the sum ofall measurcment and model

* Collzes: dilesaces Mapiod (COMy The sem frequency
and low-frequency (periods longer then & few manthr)
Sty . chiioten rom bork 2en 1ove 4nd prewure
records

= Pressure variability in the tropics & small, 2 1o 4 mb, in &
Foot-meat-square (RMS) sense

 Low-frequesicy preassre variability in the wopice is Jess than
3 pescent of the tota! pressure variability in his region and
eas than 10 peroent of the total pressurc Variability
clsewhere

* Low-frequency wind vatiability in the tropics is 4 1o § mvs
RMS

» Low-frequency wind variability in the tropics overwhelms
sevusure variubility, leading to low signal to noisc ratic in
this region

>The betuvior of the AM curve in the tropics My be reluted
10 the low frequency variability in the equatorial currents

Figure3: Diagramsof dylumlr. sean topography
tcd with Pacific &
cing Weat[ater Wyrlk 1974 P, 10}

SLA = SLA” Ty« ag * g

St and wind kv sgnuls arc reimosed by suboscing
ertiner’s POCM SLA from the measured TOPEX SLA

«Oceun tide signals are removed using the CSR 3.0 tde toodel

5 3
Lt (de2)

Figure &1 Zonally averagea 1D
dif o2
H u\urmly method (AM = 1ex) i aisa
son

Thie steric signal is « scasonal (low-frequency) signal. Since
the CDM has already ciitirated (ow-lrequency vignals.
secaving the steric signal prinarily 2ffects the AM

«Wind and peessure have opposing effects on sea level, c.g. 8
Sow pressure cell causes the water o bulge up while the
curl associatod Witk the low pressure cell gradually pumps
water away from the center of the pressure cell fowards it
peri imping)

#The sea-lovel response 1o pressure fluctuations is nearty
instantaneoiss

oSearlevel responsc to wir varistions (n the form of Ekmun
pumping) requircs time to reach equilibrium, Response is
fuster ncas the cquator and slower away from the equator [Fu
and Pihos. |

+The lower the frequency of « pressurs signsl, the more time
its associuted wind would have 10 negate the cffect of the
pressure

Wi effect docs ot compleely cae the llct of resre
what reduces its mugnitude

*With the wind signal removed, one would cxpect the
estimated IB scale 1o increase in magnitude (move closer to

CaSEB OBSERVATIONS:

As expectos. remaving the wind signal 10oves the CDM IB scale
curesbout 65 eurfis closer o the theoretcal 10
tse Figur

*Removiog e wid el b o sighy sl ofet i e

O ScALE FACTOR SUMMARY TABLE:

T e

opics uoiparcd Wit fhe oul ”
o mid- th high-freqency: wind signsl owade (e rOP¥s

The AM (Figuze 4, red Jine) still hs large arrors. it the tropics,
farcutes i he serters hermsphere. This suggeste o Senimes
ot complerely recover the low-freguency wind sigrals
in the tropics, cspecially in the region +10° 10 +3¢° North

*Even oftes remeving the wind signal. the sigral (mesmire) 10 noise
(wind. 2o 1 ratio cenvizes fow in the tropies

Outside the wogies. hoth the AM and CDM givs nearly identica
resulls with # snean sl of 940 b

+This suggesss tha outside the sropics,

ke g

igure 5 Zonatly avevaged Valos of estimaled 1. crted baromicter
coefticient & for the wind- and sieric-signals removed collinear
differenors wethod (CDM) The shaded arca is the 16 esxor for .

ERROR ANALYSIS

*Errors in the etimtedt can be divided into § categorics
e 10: orbit eezow, allimeter tange Meawrement error, model
coprel o, prosurs et Huctuations and

«knside the tropics, the total root-sum-square (RSS) emor
the forma) estimation error {1-a)

~Outside the tropics. the RSS error of 0.8 mmvmb suggests
that the {6 cstimation ceror of 0.54 mnvimb is optimistic

pert Carrecticn:
e

Table |: Summary of exror analysis for [B coetficicnt with _ inds
vidual error coutribmions ard theis RSS total {Raoft. (998]

Tuble 2 Sununary results of the dafTecent methods and cases in
the cstintion of the TR coefficient. The red numbers indicate
results for the best performing method, Al resul

IMARY AND CONCLUSIONS :

aOcean modets. such as Seminer's POCM, 48, can
successfully (within mwdel errors) be used for
separating wind- and steric-signals from other
signals in the ocean

oUnlike previous studies, the results of this study
show that the estimated IB scale is flat across the
equator (in the £10° band}

sluside the tropics, the estimated IB scale is 1010 20
percent smatler in magnitude than the theoretical - 10
/mb value: however. it is 20 (o 30 percent closer
to theorstcal value 3= compared o two racent (B
studies base on TOPEX/Poscidon data (see Figure S

Qutside the tropics, the estimated IB scale is noadly
95 percent of the theoratical value, supporting the
saldity of the 18 approximation of the ocean's
reaponse to pressure variations

eSince the ocean's response to pressure variations
describes a physical phenomenon, the significant
devitions froma put IB Tesponse inide the tropics
are possibly due to: ow signal to noise ratio, lack of
ability to completely separate other sngnnls oo
pressure-diiven ones in the ocean, and range
measurement and range correction errors

olsing a variable IB scale, or one which is different
from the theoretical value. may mask other static ot
dynarmic signais of intercst in the ocean

eHence, for satilite applications. it 1s recommended
€0 iise an B model which uses the mean pressare
model used iy this study along with the theoretica]

References: sec attached




